WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01M 8/02, C25B 9/00 



Al 



(11) International Publication Number: WO 99/60643 

(43) International Publication Date: 25 November 1999 (25.1 1.99) 



(21) International Application Number: PCT/US99/ 10955 

(22) International Filing Date: 18 May 1999 (18.05.99) 



(30) Priority Data: 

09/082,931 



21 May 1998 (21.05.98) 



US 



(71) Applicant: THE DOW CHEMICAL COMPANY [US/US]; 
2030 Dow Center, Midland, MI 48674 (US), 

(72) Inventors: HINTON, Carlos, E.; 110 East Haley Street, 
Midland, MI 48674 (US). MUSSELL, Robert, D.; 3800 
Haskin Drive, Midland, MI 48640 (US). SCORTICHINI, 
Carey, L.; 3609 Lawndale Drive, Midland, Ml 48642 (US). 

(74) Agent: ZERULL, Susan, M.; The Dow Chemical Company, 
Patent Dept., P.O. Box 1967, Midland, MI 48641-1967 
(US). 



(81) Designated States: CA, JP, MX, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: BIPOLAR PLATES FOR ELECTROCHEMICAL CELLS 
(57) Abstract 

A bipolar separator plate for two electrochemical cells con- 
nected in series, the plate having two layers of a porous electron- 
ically conductive material having positioned therebetween a solid 
layer of a polymeric material having dispersed therein at least 1 
percent by weight of a conductive filler, wherein the plate has 
an area resistivity of less than 1 ohm-cm 2 , and wherein the solid 
layer has a permeability of less than 50 /iDarcy 0*D). 




gfcgT AVAILS E COPV 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6le d'T voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







1 



WO 99/60643 PCT/US99/1 0955 

BIPOLAR PLATES FOR ELECTROCHEMICAL CELLS 

This invention relates to electrochemical cells, and more particularly to components 
of such cells that have low permeability and are electronically conductive. 

5 Electrochemical cells typically contain separator plates which are relatively 

impermeable to gases or liquid contained in the cell. Such plates are usually part of a gas 
or liquid distribution assembly. In fuel cells, for example, the separator plate is typically a 
graphite plate which has gas distribution channels machined into one of its surfaces. 
However, such plates are expensive to produce. U.S. Patent No. 4,505,992 discloses a 
10 laminate for use as part of a fuel cell assembly which comprises having a layer of a sealant 
material sandwiched between two porous carbon plates. However, the permeability and 
resistivity characteristics of such a composite may be less than desirable for certain 
applications. 

Figure 1 illustrates a bipolar plate. 

15 Figure 2 illustrates a bipolar plate having built-in cooling channels. 

Figure 3 illustrates an assembly of components of a bipolar plate with cooling 
channels, prior to molding the assembly. 

Figure 4 is an exploded schematic diagram of stack based on porous flow fields and 
containing the bipolar plate material of the present invention. 

20 Figure 5 shows selected components of a fuel cell stack, including the (a) air delivery 

layer; (b) air flow field; (c) hydrogen delivery layer; and (d) hydrogen flow field. 

In one aspect, this invention is a bipolar separator plate for two electrochemical cells 
connected in series, the plate comprising two layers of a porous electronically-conductive 
material having positioned therebetween a solid layer of a polymeric material having 
25 dispersed therein at least 1 percent by weight of a conductive filler, wherein the plate has 
an area resistivity of less than 1 ohm-cm 2 , and wherein the solid layer has a permeability of 
less than 50 ^Darcy {\iD). 

In another aspect, this invention is an electrochemical device having at least two 
electrochemical cells connected in series, each cell containing a gas or liquid material which 
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is separated from a different gas or liquid material in an adjacent cell by two porous layers 
of electronically-conductive material having positioned therebetween a solid layer of a 
polymeric material having dispersed therein at least 1 percent by weight of a conductive 
filler, wherein the plate has an area resistivity of less than 1 ohm-cm 2 , and wherein the solid 
layer has a permeability of less than 50 ^iD. 

It has been discovered that the bipolar plate of the invention has desirable 
permeability, resistivity, and structural integrity characteristics for use in an electrochemical 
cell, particularly for cells in which the reactants on either side of the plate are pressurized. 
These and other advantages of the invention will be apparent from the description which 
follows. 

Examples of suitable porous electronically-conductive materials include carbon 
paper, graphite paper, carbon felts, or other carbon-based composites, porous metal 
materials such as sintered metals, metal meshes, and metal screens, and solid, porous, 
electronically conductive polymers having a thickness of at least 1 mil. The optimum 
thickness for the material will depend on the application, as well as the desired permeability 
and conductivity. Preferably, the material has a porosity of at least 20 percent, more 
preferably at least 40, most preferably at least 60 percent; but is preferably no greater than 
90 percent, more preferably no greater than 85 percent, most preferably no greater than 80 
percent. 

Suitable polymeric materials which contain the conductive filler include any 
thermoplastic or thermosetting polymer which is a solid at ambient conditions (about 23°C), 
stable under the operating conditions of the electrochemical cell, and can be mixed with a 
conductive filler and processed into the shape of a separator plate for use with 
electrochemical cells. Examples of such include polyolefins, polystyrenes, polyepoxides, 
polyurethanes (including Isoplast™ and Pellethane™ polyurethane resins, available from 
The Dow Chemical Company), polytetrafluoroethylenes, polyacrylates, polyethylene 
terephthalate, polyvinylchloride, polyvinylidene fluoride, vinyl ester resins (available from 
The Dow Chemical Company as Derakane™ resins), acrylonitrile-butadiene-styrene 
copolymers, polyamides, polyesters, linear polyimides, liquid crystal polymers, as well as 
blends and copolymers thereof. Preferably, the polymer is polypropylene, syndiotactic 
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polystyrene, Isoplast™ polyurethane resin, polyvinylidene fluoride, a vinyl ester resin, or 
polytetrafluoroethylene. 

Suitable conductive fillers include electronically-conductive grades of carbon black, 
carbon fibers, graphite, metal fibers and particles, and particles of intrinsically-conductive 
5 polymers. Suitable carbon fibers include those having a length of about 0.25 inch and a 
diameter of about 7 jim, as well as agglomerates of fibers having an aspect ratio of at least 
5 and a diameter in the range of 3.5 to 70 nm as described, for example, in WO 91/03057. 
Suitable graphite particles have a size in the range of 20 to 500 nm and a surface area in 
the range of 1 to 100 m7g. Examples of suitable carton blacks include particles of carbon 

10 having an average primary particle diameter of less than 125 nm, more preferably of less 
than 60 nm. The carbon black is preferably utilized as an aggregate or agglomerate of 
primary particles, the aggregate or agglomerate typically having a size of 5 to 10 times the 
primary particle size. Larger agglomerates, beads, or pellets of carbon particles may also 
be utilized as a starting material in the preparation of the composition, so long as they 

15 disperse during the preparation or processing of the composition sufficiently to reach an 
average size in the cured composition of less than 10 microns, more preferably less than 
5 microns, and most preferably less than 1 .25 microns. Preferably, the conductive filler is a 
carbon fiber having an aspect ratio of at least 5, more preferably at least 50, most preferably 
at least 1 00. However, the optimum aspect ratio of the fiber will depend on the mean pore 

20 size of the porous electronically-conductive material, with longer fibers being more suitable 
for use with larger mean pore size materials. 

The conductive filler is preferably employed in an amount, based on the weight of 
the polymeric material, of at least 1 percent, more preferably at least 10 percent, most 
preferably at least 20 percent; but preferably no greater than 90 percent, more preferably no 

2 5 greater than 70 percent. 

The bipolar plate may be made by any suitable process, but is preferably prepared 
by injection or compression molding a mixture of a thermoplastic polymer and a conductive 
carbon into the desired shape and size, and then combining the porous conductive layers 
with the molded layer by compression molding a multilayer composite of the molded layer 

3 0 positioned between two layers of the porous conductive material. Alternatively, sheets of a 

filled thermoplastic material may be compression molded between layers of the porous 
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conductive material. In a third embodiment, a filled thermoplastic material may be injected 
between two layers of the porous conductive material in a mold, and then the resulting 
composite is compression molded. 

The pressure and temperature of the process should be high enough to ensure 
5 good electrical contact between the conductive layer and the porous layers, and to increase 
the density of the solid layer and/or the electronically-conductive material, if necessary to 
achieve the desired permeability characteristics and/or better conductivity. Preferably, the 
pressure and temperature is sufficient to cause a portion of the solid conductive layer to 
migrate into the pores of the porous layer in order to achieve better electrical contact 

10 between the layers. As the polymer portion of the layer migrates into the porous material, 
the conductive carbon tends to stay between the two porous layers and the concentration of 
conductive carbon in the middle layer increases accordingly, thereby increasing the 
conductivity of that layer. Although the degree of compaction of the composite may vary 
depending on the materials (such as, for example, the carbon paper thickness and porosity) 

15 and the performance requirements for use in a particular type of electrochemical cell, the 
composite is preferably compressed under conditions sufficient to reduce its volume by 5 to 
80 percent. Figure 1 shows a bipolar plate prepared by a compression molding process, 
having two layers of porous carbon paper (1 ) and a layer of a polymer containing a 
conductive filler (2). During the molding process, a portion of the polymer migrated into the 

2 0 porous carbon paper (3). 

If a thermosetting polymer is used, the bipolar plate may be prepared by injecting the 
reactive monomeric components of a multi-part reactive thermosetting mixture (containing 
conductive filler) between two layers of the porous conductive material in a mold. 
Alternatively, a latent-curable thermosetting polymer may be used in processes similar to 
25 those employed with thermoplastic polymers. The bipolar plate containing the uncured 

polymer may then be subjected to reaction conditions which cause the polymer to crosslink 
or cure. 

The optimum thickness of the bipolar plate will depend on the types of 
electrochemical cell in which it is employed. For fuel cells, the thickness is preferably at 

3 0 least about 2 mils, more preferably at least 5 mils, most preferably at least 1 0 mils; but is 
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preferably no greater than 200 mils, more preferably no greater than 100 mils, most 
preferably no greater than 75 mils. 

Permeability 

The permeability of the solid layer is less than 50 microdarcys (pD). Preferably, the 
5 permeability is less than 20 ^iD and is more preferably less than 1 0 nD. The permeability of 
the layer may be measured according to the following method: The solid material to be 
tested is mounted in a simple pressure cell equipped with rubber gaskets that prevent gas 
flow around the sample as well as to the outside of the cell. Pressurized air at 30 psig is 
supplied to one face of the sample while the airflow rate at atmospheric pressure is 
10 measured using a soap bubble or other flow rate measuring device. The permeability of the 
solid material is calculated from the pressure and flow data using the Darcy equation for a 
compressible fluid: 

2 \x L Qa Pa 

A(P b 2 -P a 2 ) 

where K is the permeability in cm 2 (K can also be expressed in Darcys; 1 Darcy = 
15 0.99x1 0" 8 cm 2 ), \i is the viscosity of the fluid at the measurement temperature in pascal 
seconds, L is the length of the flow path in cm (the thickness of the solid material in this 
case), Q a is the flow rate at the outlet in cm7s, P a is the pressure at the outlet in pascals, A 
is the area in cm 2 , and P b is the pressure at the inlet in pascals. 

If the electrochemical cell is a fuel cell, the bipolar plate preferably has a "leak rate" 
20 of no greater than 3 cm/min, more preferably no greater than 1 cm/min, and most preferably 
no greater than 0.3 cm/min. The procedure for measuring the leak rate is as follows: 
mount the sample in a pressure cell and apply 30 psig air to one side of the sample and 
measure the air flow rate (at 0 psig) out the other side. The leak rate is the flow rate (in 
cm7min) divided by the area (in cm 2 ) of the bipolar plate. 

25 Resistivity 

The area resistivity of the bipolar plate is preferably less than 0.1 £>cm 2 , more 
preferably less than 0.01 Q-cm 2 , and most preferably less than 0.003 £>cm 2 . The area 
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resistivity may be measured and calculated as follows: Resistance is measured by 
clamping a 4 cm 2 bipolar plate between two (4 cm 2 ) brass plates which serve as direct 
current (250 mA) carrying electrodes. The voltage across the thickness of the sample is 
measured via screws mounted in and electrically isolated from each brass plate. The 
resistance is then calculated by diving the measured voltage by the current. The Area 
Resistivity = Rs, where R = resistance (n) and s = area of bipolar plate being measured 
(i.e., area of brass plate) (cm 2 ). 

Cooling Channels 

In another embodiment of the invention, cooling channels may be built into the 
bipolar plate, which are useful if the electrochemical cell generates heat and optimum 
performance is achieved if the device temperature is kept low. For example, during its 
regular operation an individual fuel cell or stack will generate heat. Built in cooling channels 
in the bipolar plates will help manage this heat by convection or by circulating cooling fluid 
through this channels (see Figure 2 for illustration). 

For fuel cell stacks of less than 1 kilowatt, it is expected that air driven by a fan 
through straight cooling channels would be sufficient. For higher wattage stacks, the 
cooling channels may need to contain a different heat-exchange fluid. Cooling channels 
may be fabricated using a small diameter (such as 1/16 inch) polytetrafluoroethylene tubing 
or small gauge (such as 18 gauge) stainless steel tubing. Further, the addition of cooling 
channels may require the fabrication of thicker bipolar plates. After the fabrication of the 
bipolar plate with cooling channels, the tubing may be extracted from the bipolar plate, 
leaving built-in length-wise through channels in the plate, or may be left in place. 

A preferred fabrication process is as follows: (1) Two carbon-filled thermoplastic 
plates are prepared; (2) A number of conduits are cut to lengths greater than the width of 
the desired bipolar plate; (3) Two carbon paper pieces are cut to fit the width and length of 
the mold chase; (4) Inside the chase, arrange the different components In the following 
order (as illustrated in Figure 3): Carbon paper layer, Carbon-reinforced thermoplastic 
plate, Conduits at regular parallel intervals covering the desired cooling area (To keep 
conduits in place, location plates which do not extend into the interior of the assembly and 
do not become a part of it may be needed), Carbon-reinforced thermoplastic plate, Carbon 
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paper layer; (5) Using a regular fabrication cycle, mold the arrangement prepared in step 
(4); and (6) Retrieve bipolar plate with cooling channels. 

Bipolar Plates with Cooling Flow Fields 

In another embodiment, an additional layer of porous electronically-conductive 
5 material may be positioned between two outer layers of porous electronically-conductive 
material. A solid layer of polymeric material is positioned between the center porous layer 
and each outer layer. The center layer is thicker and selected so that it does not compress 
as easily as the outer layers of porous material during the fabrication process. The 
thicknesses of the center layers and the solid layers of polymeric material are selected so 
10 that the center layer does not become completely filled with polymeric material during the 
molding process. This type of bipolar plate configuration leaves an open porous area in the 
middle of the bipolar plate, through which a cooling fluid may be circulated. 

The following examples illustrate the invention, but are not intended to limit it in any 
way. Unless otherwise stated, all parts and percentages are given by weight. 

15 Example 1 

Three membrane and electrode assemblies ("MEAs") were prepared according to 
the method described in PCT publication No. WO 97/13287. The Pt catalyst loadings of the 
three cathode and three anode sides were 0.21, 0.19 and 0.18; and 0.14, 0.13, and 0.17 
mg/cm 2 , respectively. The active (catalyzed) area of each of the three cells was 19.8 cm 2 . 
20 The MEAs were soaked in dilute sulfuric acid, then water, and loaded into the stack wet. 

Porous cathode flow fields were constructed according to the method described in 
PCT publication No. WO 97/13287. Porous carbon paper having a porosity of 90 percent 
and 24 mils thick (available as Spectracarb™ paper from Spectracorp (Lawrence, MA)) was 
made hydrophiiic by oxidation in a medium comprising 0.006 M silver sulfate, 0.2 M sodium 
25 persulfate and 0.5 M sulfuric acid at a temperature of 60°C for 1 hour. The porous anode 
flow fields were density 0.42 g/cm 3 , 14-mil thick porous carbon paper, also from 
Spectracorp. The edges of the flow fields were sealed with epoxy to provide a gas tight 
seal both internally and to the exterior of the stack. 
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Air and hydrogen delivery layers were constructed from 3 layers of 10-mil thick 
Graf oil™ graphite paper by cutting out channels with a scalpel. When the stack was 
assembled, these layers cooperated with the bipolar plates and MEAs to form ducts that 
delivered reactant gases to the porous flow fields. These ducts were joined to internal 
manifolds that were formed from holes in the various elements when the stack was 
assembled. 

End plates were constructed of 1/2-inch thick aluminum. Next to each end plate was 
placed a 73-mil thick layer of 316 alloy stainless steel to prevent corrosion of the inside face 
of the end plate. 

Bipolar plates were constructed according to the present invention for use in the 
stack. Carbon fiber-filled nylon 66 (50 percent carbon fiber loading by weight, density 1 .38 
g/cm 3 , obtained from DSM Engineering Plastics) was first dried at 80°F for 1 6 hours in 
vacuum (29 mm Hg), then compression molded using a programmable compression 
molding machine. The desired amount of carbon fiber-filled nylon 66 (calculated as the 
thickness times the length times the width of the chase, or mold, times the density of the 
carbon fiber-filled nylon 66) was placed in the chase, or moid, which was sandwiched 
between two Kapton™ slip sheets. This assembly was then further sandwiched between 
two thick smooth-finish metal sheets and placed in the compression-molding machine. After 
a 4-minute heat-soak stage wherein the mold platens of the compression mold were pre- 
heated to 540°F, closed, and compressed to a pressure of slightly above 0 psi, the pressure 
in the mold was increased to 500 lb for 4 minutes, and then increased to 10,000 Ibf for 3 
minutes, while maintaining the mold temperature at 540°F. 

Spectracaib™ paper having a density of 0.50 g/cm 3 and a thickness of 1 1 .5 mils was 
placed on both sides of the carbon fiber-filled nylon 66 molded layer. This arrangement was 
placed in a 16-mil thick chase (mold) and returned to the compression-molding machine. 
Molding cycles identical to those described above were applied, giving a final fabricated 
product 16 mils thick. This product was tested for electrical resistivity and gas permeability 
before use as a bipolar plate material in the stack. 

The stack was assembled from the cathode end plate up, using 1/8-inch diameter 
nylon 66 rods as guides to align the stack elements. These guides were left in place in the 
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assembled stack. The order of stacking elements was as follows: aluminum anode end 
plate; stainless steel layer, hydrogen delivery layer, anode flow field; MEA 1; cathode flow 
field; air delivery layer; bipolar plate; hydrogen delivery layer; anode flow field; MEA 2; 
cathode flow field; air delivery layer; bipolar plate; hydrogen delivery layer; anode flow field; 
5 MEA 3; cathode flow field; air delivery layer; stainless steel layer; and aluminum cathode 
end plate. 

Once assembly was complete, the bolts were evenly tightened to 50 inch-pounds 
torque. The bolts were to be re-tightened over a period of hours to obtain uniform 
compression. Further tightening was required as the stack was heated to the operating 
10 temperature of 80°C. The operational thickness of this stack under full compression (minus 
the end plates and stainless steel layers) was about 299 mils. 

The stack was evaluated using a fuel cell test stand manufactured by Fuel Cell 
Technologies, Inc. (Los Alamos, NM). The test stand incorporated a 120 ampere Hewlett- 
Packard 60504B Electronic Load module with a 600 watt rating, as well as hardware to 
15 provide flow control of gas streams, heating and humidity for both cathode and anode 
gases, and back-pressure control for operation at pressures above atmospheric pressure. 
During operation, the stack self-heated to above the desired operating temperature of 80°C, 
but adequate cooling was provided by an external fan. 

The stack was operated under the following conditions: cathode gas: air at 30 psig 
20 outlet pressure, 1 970 standard cubic centimeters per minute (seem) flow rate, and 

humidified at 88°C; and anode gas: hydrogen at 20 psig outlet pressure, 830 seem flow 
rate, and humidified at 100°C. After a 24-hour break-in period, the stack delivered 1 .70 
volts at 19.8 A (1 A/cm 2 ), or about 34 watts. 

Figure 4 is an exploded schematic diagram of stack based on porous flow fields and 
25 containing the bipolar plate material of the present invention. From left to right, the 
elements are: end plate, air delivery layer, cathode flow field, MEA, anode flow field, 
hydrogen delivery layer, and bipolar plate. 

Figure 5 shows selected stack components, as follows: (a) air delivery layer; (b) air 
flow field; (c) hydrogen delivery layer; and (d) hydrogen flow field. 
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Examples 2-7 

Carbon-containing solid layers were prepared using the method described in 
Example 1 , using the following materials and molding parameters: 
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Table 1 . Carbon-filled Thermoplastics 



Carbon 
filler 


Load 
(% wt.) 


Plastic 


Form, 
density 
(g/cm J ) 


Company, 
material code 


Drying 
Vacuum 
Conditions 


Melting 
Temp. (°F) 


Black 


40 


poly- 
propylene 


pellets, 
0.97-1.01 


RTP Co., 
ESD-C-100 


no 


450 


Fiber 


40 


poly- 
carbonate 


pellets, 
1.36 


RTP Co., 
RTP-387 


110°C, 
16 hrs., 
29 mm Hg 
Vac 


610 


Fiber 


50 


nylon 66 


pellets, 
1.38 


DSM Eng. 
Plastics, 
J-1/CF/50/EG 


80°F, 16 
hrs., 29 
mm Hg 
Vac 


540 



Table 2. Materials and Molding Conditions 





Material 


Molding Stages 


PP & Carbon 
Black 


PC & Carbon 
Fiber 


Nylon 66 & 
Carbon Fiber 


Temperature 


450 


610 


540 


Stage 1 


Heat Soak 
(minutes) 


3 


3 


4 


Stage 2 


Time (minutes) 


5 


10 


4 


Low-Pressure 
(Ibf) 


500 


500 


500 


Stage 3 


Time (minutes) 


3 


3 


3 


High-Pressure 
(Ibf) 


10000 


10000 


10000 


Time to cool mold to ambient 
temperature using a heat- 
transfer fluid (minutes) 


20 


20 


20 



Notes: The chase (mold) is 8-mils thick, 5.75 in. long, and 5.75 in. wide. 
5 PP = polypropylene; PC = polycarbonate. 
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Bipolar plates were then prepared using the above-described solid layers and the 
following carbon papers. The carbon papers were obtained from Spectracorp (Lawrence, 
MA) and Toray (Tokyo, Japan). In Comparative Examples 1 and 2, the carbon paper/plastic 
assemblies were compressed sufficiently to cause the fibers of the paper to touch each 
other within the bipolar plate, in order to achieve electrical contact between the layers and 
good conductivity. 

Table 3. Bipolar Plate Compositions 



Example No. 


Carbon paper, 
density (g/cm 3 ), 
thickness (mil) 


Fill 


Plastic 


Plate 
Thickness 
(mil) 


Comp. Ex. 1 * 


Spectracorp, 0.50, 1 1 .5 


none 


nylon 66 


21.5 


2 


Toray (TGPH090), 0.50, 9 


carbon fiber 


nylon 66 


23 




Spectracorp, 0.50, 1 1 .5 


carbon fiber 


nylon 66 


16 


4 


Spectracorp, 0.50, 1 1 .5 


carbon 
black 


polypropylene 


20 


5 


Spectracorp, 0.25, 8 


carbon fiber 


nylon 66 


12 


Comp. Ex. 2 * 


Spectracorp, 0.50, 1 1 .5 


none 


polypropylene 


19.5 


6 


Spectracorp, 0.69, 18.5 


carbon fiber 


nylon 66 


44.5 


7 


Spectracorp, 0.67, 1 1 .5 


carbon fiber 


nylon 66 


32.5 



Comparative Example - not an example of the invention. 

Below are the values for the product of through-plane resistivity for Examples 2-7. 

Table 4 



Example No. 


Area Resistivity (ft-cm 2 ) 


Permeability (\iD) 


Comp. Ex. 1 * 


0.0202 


too high to measure 


2 


0.00018 


0.14 


3 


0.0018 


0.20 


4 


0.0042 


2.5 


5 


0.00024 


3.7 


Comp. Ex. 2* 


0.00074 


15 


6 


0.0068 


2.1 


7 


0.014 


1.2 
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Examples 8-10 

Three bipolar plates with cooling channels were assembled as illustrated in Figure 3, 
using polytetrafluoroethylene or steel tubing as a conduit material, except that carbon paper 
is used in Example 8. The chase (mold) thickness (See Figure 3) was double the plate 
thickness. The carbon paper used was 1 1 .5 mils thick and had a density of 0.50 g/cm 3 . 
The assemblies were molded under the conditions described in Examples 1-7. 



Table 5. Dimensions of Components for the Bipolar Plate with Cooling Channels 



Example No. 


Material 


Conduit Diameter 


Plate 
Thickness 
(mil) 


8 


carbon black & 
polypropylene 


1/16 in. polytetrafluoroethylene 


63 


9 


carbon fiber & 
nylon 66 


1/16 in. polytetrafluoroethylene 


63 


10 


carbon fiber & 
nylon 66 


1 8 gauge stainless steel 


42 



Upon molding, the polytetrafluoroethylene tubing did not collapse when placed in 
between the carbon black-polypropylene plates and was easily retrieved. The cooling holes 
that ran inside the plate were centered. The carbon-black polypropylene had a relatively 
low viscosity at its processing temperatures, and the molten material easily conformed 
around the polytetrafluoroethylene tubing. However, due to the much greater viscosity of 
the carbon fiber-filled nylon 66 at its recommended processing temperature, the 
polytetrafluoroethylene tubing collapsed when trying to mold a plate out of this material. 

When the stainless steel conduit, gauge 18, was employed to mold cooling channels 
in a carbon-fiber nylon 66 bipolar plate, the tubing did not collapse. The metal tubing was 
not retrieved. 
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CLAIMS: 

1 . A bipolar separator plate for two electrochemical cells connected in series, the 
plate comprising two layers of a porous electronically-conductive material having positioned 

5 therebetween a solid layer of a polymeric material having dispersed therein at least 1 

percent by weight of a conductive filler, wherein the plate has an area resistivity of less than 
1 ohm-cm 2 , and wherein the solid layer has a permeability of less than 50 pDarcy (\iD). 

2. The separator plate of claim 1 wherein the conductive filler is used in an amount, 
based on the weight of the polymeric material, of at least 20 percent 

10 3. The separator plate of claim 1 wherein the conductive filler is used in an amount, 

based on the weight of the polymeric material, of at least 50 percent. 

4. The separator plate of claim 1 wherein the conductive filler is carbon fiber having 
a diameter of 7 j^m. 

5. The separator plate of claim 1 which has a thickness of at least 10 mils. 

15 6. The separator plate of claim 1 wherein the porous electronically-conductive 

material is carbon fiber paper having a porosity of at least 60 percent. 

7. The separator plate of claim 1 wherein the polymeric material is a thermoplastic 
polyurethane. 

8. The separator plate of claim 1 wherein the polymeric material is a polypropylene. 

20 9. The separator plate of claim 1 wherein the polymeric material is a syndiotactic 

polystyrene. 

10. The separator plate of claim 1 wherein the polymeric material is a vinyl ester 

resin. 

1 1 . The separator plate of claim 1 wherein the polymeric material is polyvinylidene 
25 fluoride. 

12. The separator plate of claim 1 wherein the polymeric material is 
poly tetraf I u o roethy le n e . 
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13. The separator plate of claim 1 wherein the polymeric material is a polyepoxide. 

14. A bipolar separator plate for two electrochemical cells connected in series, the 
plate comprising three layers of a porous electronically-conductive material having 
positioned between the first and second layer, and the second and third payer, a solid layer 
of a polymeric material having dispersed therein at least 1 percent by weight of a conductive 
filler, wherein the plate has an area resistivity of less than 1 ohm-cm 2 , and wherein the solid 
layer has a permeability of less than 50 yDarcy (yD). 

15. An electrochemical device having at least two electrochemical cells connected 
in series, each cell containing a gas or liquid material which is separated from a different 
gas or liquid material in an adjacent cell by two porous layers of electronically-conductive 
material having positioned therebetween a solid layer of a polymeric material having 
dispersed therein at least 1 percent by weight of a conductive filler, wherein the plate has 
an area resistivity of less than 1 ohm-cm 2 , and wherein the solid layer has a permeability of 
less than 50 mO. 

1 6. The electrochemical device of claim 15 wherein the conductive filler is used in 
an amount, based on the weight of the polymeric material, of at least 50 percent. 

17. The electrochemical device of claim 15 wherein the conductive filler is carbon 
fiber having a diameter of 7 urn. 

18. The electrochemical device of claim 15 which has a thickness of at least 20 mils. 

19. The electrochemical device of claim 15 wherein the porous electronically- 
conductive material is a carbon fiber paper having a porosity of at least 70 percent. 
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